MAR, 1 9. 2004 5:13PM 



HOWREY SIMON ARNOLD 



NO. 9284 P. 3/9 

Application No.: 09/531,851 
Attorney Docket No.; 03678.0028.US04 



REMARKS 



Applicants thank Examiner Owens for the telephone interviews dated March 17 and 19, 
2004. In the telephone interview, the Examiner requests that Applicants submit evidence that 
dinucleoside polyphosphates are more stable than mononucleotides, for support of the arguments 
submitted in the Response dated December 18, 2003. 

Applicants are submitting herewith Luthje, et ah (Eur. J. Biochem. 173: 241 (1988)). At 
page 245, left column, lines 10-12 from the bottom, the reference describes "In contrast to ATP 
and ADP, which are rapidly degraded by ectonucleotidase present on blood cells and on the 
endothelial lining, the dinucleotides are only slowly degraded/ 5 

Applicants are also submitting herewith a poster publication (Shaver, et at), which was 
presented at XlVth World Congress of Pharmacology, San Francisco, CA, July 7-12, 2002. hi 
the poster presentation, a series of synthetic dinucleotides were examined for their relative 
stabilities on bronchial tissue yielding a rank order of dCp4U- Cp4U >dAp4U> Cp4C > Ip4U> 
dGp 4 U> Up 4 U= Xp 4 U> Ap 4 A»UTR 

Both of the above two references show that dinucleoside polyphosphates are more stable 
than mononucleotides. 

Applicants respectfully remind the Examiner that Applicants have submitted a Request 
for Interference with Patent (U.S. Patent No. 6,254,188) on November 28, 2001. 
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Catabolism of Ap*A and Ap 3 A in whole blood AXP 

The diotrcleotides are long-lived si B nal molecales m the blood ending op as totra 
In the erythrocytes 

JQtgeoLOTHJE and Adding OGILVIE '-..„, Namhera 

(Received September 19/D«cmbcrM. 1987) - EJB 87 10?1 

Adcuo^te^^ 

K«kt^£tbe\*^^ a«too»d«d.d 
ATP(ADP) plus AMP as product* which ^^X^SSnT^tiacelhilar ATP as the man P™**\. 
^ .ocumlte but w«« t ar«d>y b am[Mm , s of Ap, A^gratog an* 

Although Vysatea of platelets. l-^ 1 -^ **f "Jjlg , b TApenriocTof intact cell* auggestmg 
Ap^egradmg activities, ^ whK^dly deeded by ectoenzym** P^t o» 

SSSAfm^ oj ^P^^^^K^r^r .ong tin*, at* may act a, 

degradation udmcdiately after their release. iney m*j 
avcD it sites far away from the platelet aggregate. 

After their release from the platelets the 

f_ ,„« amounu in human platelets ll. 2J- BoU» jh-a enzymes d»t.*pht ^ dlnucteouoes 

fa?£2£caUbf miUeu after ^SSfii 12£^ar*ay» rf**"*? 

f„^S^7h»«a as well as in whole Wood ft <J u £» J^g™, nol ^ whether ectoeuzymea of 

co?b^Attaki3»«w.a gradual aggregation of platelet* «°*r^- " favo ivedio the metabolism of Ap 4 A and A P5 A. 

S.™.£S££ WgScm ia .nedi«ed by = ^ "SJ^JSJaW ^ well k = to be 

JXviV La pl^snrn that hydroryzes Ap,A produce ADP, a Ec^azy^ ^ ^ £ 

notcntstimulatorofplatelrfaggreeaUonHl. fLirnevtta 19 101 and platelets 1»- W In addition to ins 

- S2£ Splddea of the blood, other «Wo«V »J « 

ApfA aol only modulate platelet aggregation but also have Substrates, may influence the » lfc ^ e °' J* 

vasomotor efTecU 15]. THus. Rasing exr^entale^Qce ^SSsMrtq^. and Ap»A are «lea^ from ^ 

s«Se«a thai these dlmicleotidea arc regulatory molecule, m- ™ e ° nc ^ wiUl other storage pool n^teoudes ma.iJy 

™ todu the compter process of hemoataiM. ADP aad ATP .pi it b conceivable ^^Sn t£ 

With respect tb their possible role as extracellular ngoah AW "» ^degradation rate of the dinucbotides mthe 

itU^e^oknowhowlonBthedmuclcoddescansurvave ^affect^e ^ ^ ^ 

= j i laAw. lasdrat fir Biocheraie der Nations ntcscnt during platelet aggregaUon can proiouuaiy 

. M J^^^^^%^i^ t S^rateofhydro^ofApiAmwholeb.ood. 
Nta.**. FahrMrafie 17. D-8520 Edargea, Federal Repubhc or 

< *"S*»i W ,x. A P} A, a^Biae<5^ph«pho(5^^ MATER 1ALS AND METHODS 

(e *^rS^u m P*«»a ^dag Ap,A and A P «A 8- 3 HlAp* A (TR.Q 4405; 4.3 Ci/mmol) and P/'^ATP 

.„ Sleo'£ • p h^odU«X(EcTI.4.1); Uetn,e dehydrc- ^^f^git^I) were purchased from Amercham. 



genase (EC 1.1.1.27) 
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PLATELETS 



LEUCOCYTES 




leucocytes 3.$ x 10 7 /nu 



Analysis by thin-layer chromatography revealed i ^ of 
over 97%. Ap*A. ATP. Ap,A, dwrtran ^.P 105 ^?™™^ 
were torn Sigma (Munich, FRG). Tnton X-lOO and 
Sor^tic add were pureed from Roth (Karhnihe^ 
FRG) Pyruvate and NADH were obtained from BoehnnFC 
(Mannheim, FRO). Salts and thin-layer chromatography 
plastic sheets (PEl-cellulose F) «w from Merck (Darmstadt, 
FRO). Blood was obtained from healthy laboratory volun- 

teet Dexiran was used as a 6% (mass/voL) i solution to 0.15 M 
Naa. The isotonic buffer A contained 95 mM NaCl, 5 mM 
KO. 1 mM CaCh. 2 mM MgCI t , 1 mM Na f HPO* 5mM 
ghicose, 45 mM Tris/HCl (j»H 7.4) and 0 J g/l I bovine serum 
albumin. BufTer B was as A except for a higher content of 
MgCl 2 (6mM). 



Isolation of blood cells 

Fresh, human blood was antjcoagulatedwith heparin (5 U/ 
ml final concentration). For prepnrauoo of platelets. Wood 
was osntriruged at 150 xg for 15 min at room itmp^tw. 
The platelet-rich plasma was completely sucked off eacept 
for the upper 3 mm above the bufiy coat in order to avoid 
contamination with leukocytes. Platelet-rich plasma was 
mixed with prostaglandin E, (3 uM axwloonccutraUon) U> 
prevent clumping of pUteleis during centriftigation. Prosta- 
glandin Ei had been confirmed in separate wpciimetits to 
na^Tno influence on the results. Platelets were pelkted by 
eentrimgation at 1700x* for 5 min. washed twice with buffer 
A. and finally suspended in buffer B- . 

Red blood cells were prepared from the pellet obtained 
during the preparation of platelet-rich plasma. The butty coat 
and the uppw pan of the red pellet wen, sucked off and 
discarded. The remaining erythrocytes were suspended and 
washed five tiroes in buffer A* After the last washing the cells 
were suspended in buflet B. 

Leucocytes were prepared by dextnm sedimentation. 
40 ml blood were nuxed with 8 ml dcxiren solution. After 
sedimentation for 60min al room temperature ^ "P*; 
natant was centrifuged at 150* g for 12 mm. The peUet was 
treated with 0-87% (mass/vol.) NH«Cl to lyse residual eryth- 
rocytes. Then the leucocytes were washed three times wrth 
buffer A and after that rcsospended in bufTer B. The cell count 
was dctermioad under the microscope in a Neubauer chamber. 



Determination of the Appose (Ap,Aw) Mtlnly 

a) Cell wpensions and ceil lysates. Cell suspensions were 
mixed with labelled ApxA (0.7 uM final eoncwtraUon) and 
SaSat 25-C with gentle shaking- The ton votame of 
thTSaTwas 0.B mi At various times allquott of BO ul were 
SSiinnKdiatelymaed wld, 16 l^^f 
SB»mMNa a EDTAand5 mMAp«Amic«old physiologi- 
cal aalmTThc • sampto were centrifuged to remoy* » itarfb 
and then the supcrnatants were treated with an equal voW 
oriceSldW'^chloroacctic arid. ^^^"^^ 
and nC Ut«li«ti 0n of the extract we« r*rformed =u 
Sl&Tpb of 4 ul of the neutralized exacts werespmted 
K> a PEl^Uulosc thin-layer sheet. After *V*»9« * 
An A from Its reaction products by developing Ae thin 
i?« 1) m H,0 and 2) in M5 M UC1, radioactivity in the 
Judeond. spots was determined as described tf - *PsAase 
S W8J measured by ineubahng cell suspensions wuh 
udftbcWp,A(0.7uMIfoalco W »^^^ 
conditions. The procedure was analogous to that tXf&A 
wKh the exception mat stopping of the rtacuoa b^^ng 
Xuots with nucleotide and EDTA was omitted. Instead 
attJuoS Z= briefly centrifuged and the sur^atants ; i» 
uumediawiy extracted with tricUoroaceUc acuL Ap^A ■ *e 
™tralized extracts was determined with a "^^lura. 
nescence assay [15). Cell lysates were prepared by adding 
SS?x3oT» the cell suspension, (0.5% fmal concen- 
S). Enzyme activities in lysates were determined as d* 
scribed for cell suspensions. . 

UWholebhodmdplasma. Blood or plasma was incubat- 
ed with labelled Ap.A or ATP at 0:7 I^M-der,^ 
conditions to (a). The reactions were stopped by miring ah 
qUOtS with ice-cold solutions containing 50 mM Na^DT/ 
and 5 mM Ap»A (or 5 mM ATP). After separation of the cell 

procedure was identical to that described in (a). Forextraouo, 
oTwfcotides from whole blood (including wlwdtu a 
voSSZ reaction was stopped by pipetting allots directl 
Into equal volumes of ice-cold 20% trichloroacetic acid. 

Determination of folate dehydrogenase activity 

Lactate dehydrogenase activity was determined in bloc 
ceU scions as a measure for cell damage. These valu, 
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were compared with the activities measured in cell tysaies 
which were assumed to correspond to 100% cell damage. The 
amy contained in a total volume of 1.1 m!:1.0 ml phosphate 
bufFer (0.1 M, pH 7,4), 25 pi NADH (0,01 M) and 50 pi 
sample under investigation. The reaction was started- wiib 
25 ul pyruvate (0.1 M). The assay was perfonued at 25 rt C 
The disappearance of NADH at 366 run was followed using 
a Shimadzu spectrophotometer coupled to a chart recorder. 
Enzyme activities were expressed as initial velocities calculated 
from the recordings. 
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RESULTS 

Experiment* with Isolated bleed cells 

A3 shown in Fig. I intact erythrocytes did not exhibit 
any Ap*A-degradlng activity. In contrast, total lysatra of rtd 
blood cells contained highly active enzymes which degraded 
Ap 4 A. 

Experiments with platelets revealed very weak or, in some 
experiments, no activities m the suspensions, whereas lysates 
always exhibited large amounts of Ap^A-degrading activity 
(Fig, 1). After centrifugation of the suspension these activities 
(about 1 - 2% of the activity in the lysate) were still detectable 
in the supernatant suggesting that the enzyme was not bound 
to the platelets, Furthermore, the supexnaxanti contained 
small amount* (1—2% of the lysate activity) of lactate de- 
hydrogenase activity indicating that a small fraction of the 
platelets had been damaged and intracellular enzymes had 
appeared in the suspension medium. Similarly suspensions of 
leukocytes always contained small amounts of Ap+A-dcgrad- 
lug activity (Fig. 1), but low activities of lactate dehydroge. 
ciase were also present. 

► These experiment* were repeated with Ap*A as a sub- 
strate. Unlabelled Ap 3 A (0.7 uM final concentration) was 
used, and its concentration was determined with a coupled 
biohimiuescencfi assay. The results were very similar to those 
obtained with Ap+A (not shown). In condunon, lysates of 
red blood cells, platelets and leucocytes contained high activi- 
ties of Ap A A-dcgradmg and Ap 3 A-clcgrading enzymes* How- 
ever, these enzymes were not detectable in suspensions of 
intact cells suggesting that ectoenzymea splitting the 
dinuclco tides were either not present on blood cells or only in 
negligible amounts. 



Hatf-lim ofAp*A and ATP in whole blood and in plasma 

The time course of degradation of Ap*A in whole blood 
and in plasma is shown in Fig. 2. The half-ttfe in pla&ma was 

^anin^hercaa, in blood this value .was 4.4 mux In serial 
experiments with blood from different donors these results 
were confirmed (Table \\ On average the half-life of A P4 A 
was 2.9 min in plasma and 5.9 rain in whole blood. The longer 

■ half-life of Ap±A in blood could be explained by the 
hematocrit, which is responsible for the higher initial concen- 
tration of Ap 4 A in blood (roughly doubled) as compared to 
plasma. This should markedly -prolong the half-life of Ap*A 
in Wood when taking into account the low (0.6 jiM) of the 
main plasma hydrolase J7]; this consideration also applies for 
ATP. 

For comparison, ATP under identical experimental coo-. 

tditions: had a mean half-life of 3.6 min in plasma and 13. win 
in blood. Thus, in contrast to Ap*A* ATP was degraded faster 
in blood than in plasma. When ATP was tested at 40 uM, the 
-half-life in blood was 11,5 mm whereas in plasma the half-life 
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TIME (min) 

Fig. 2. Degradation of Ap*A in human blood and ptajrpa. Hcpatfpia&d 
whole blood .or plasma was intubated with labelled Ap«A at 0.7 uM. 
At various times atiquott of blood (or plasma) wci* removed and 
immediately enfamqtpd with trichloroacetic add. The nucleotides of 
the neutiatized extracts went separated by thin-layer chromatography. 
The total radioactivity measured m lha spots of all the nucleotides 
mentioned below was llwuys constant and was set as 100%. In whole 
blood no formation of rfdeaosine and inosiuc was observed, and In 
plasma no ADP was detected; Tor reasons of clarity these data are 

not shown in the figures. Ap*A (O O), ATP (• •)« AMP 

(A ADP (A A), adenosine plus Incur* (0 O)- In 

plasma Inostae was detectable after 12 aus of (acubatioa 



could not be determined because of the slow degradation. The 
rather short lifetime of ATP in whole blood suggested that 
ectoenzymes on blood cells contribute significantly to the 
catabolism of ATP. 



[feett 

batT 



The lifetime of Ap+A in blood ij influenced by ATP 

The hitherto angle known source of the dinucleotides in' 
human blood is the platelets. AAei activation of the platelets- 
ApjA and-Ap+A.fiic secreted together, with ADP. and ATP 
from ^,densc gramika reaching 0.5- t uM APdA (Ap,A) 
and^0^40 yM ATP when assuming a homogeneous distri- 
bution in b)ood (2, 16], We tested whether ATP at concen- 
trations present during platelet aggregation would a/fect the 
rate of hydrolysis of Ap«A- 

Fig* 3 demonstrates that the degradation.^ Ap+A in. 
whok^blood .was almost completely inhibited by ATP at a 
concci>trariojnif25-pM- Thia was confirmed by further exper- 
iments with blood from several donors. In most experiments 
a concentration of 25 >iM ATP was sufficient to inhibit hy- 
drolysis of Ap*A totally (not shown). Experiments with vari- 
ous concentrations of ATP revealed that 8*^0 uM ATP in- 
hibited the rate of Ap*A degradation by 50% (Fig. 4). 
Pyrophosphate, which is also released from the dense granules 
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^ Table 
1 Radie 
4 0.7 
I techni 
I mean* 



Table 1 . Half -fives ofAp+A and ATP in human hhod and plasma 
Radioactive))' labelled nucleotides were used at a concentration of 
0.7 uM. Degradation was measured with a Lhin-tsycr chromatography 
technique as described in Materials and Methods. Values are 
means ± SO, number of experiment in parentheses 



Location 


Half-life of 






Ar>*A 


ATI* 




min 




Blood 
Plasma 


5.B8 £U8 (9) 
2.88 + 0.54 (fl> 


12% ±0.310) 
1.60 ±6.85 (5) 



.70 



,35 




TIME (min) 

Fig. Degradation of Ap*A bt human whoh blood. Effects vf ATP 
and jodhan pyrophosphate* Whole blood was iocubaicd with tririated 

Ap*A (0.7 uM) in tfco preficuoc of ATP at 25|iM (O O), 

pyrophosphate at 50 uM (A.— A) or without any addition 

(• Degradation of Ap*A was measured with a thin-layer 

chromatography technique as described in Materials and Methods 



in similarly large amount*, compared to ATP and ADP [17, 
XS], had no effect on the rate or Ap*A hydrolysis (Fig. 3). 

Metabolic fate of the dbwekotides In yvhoh blood 

Results of experiments investigating fine degradation of 
labelled Ap* A and its products in human blood are depicted 
in Fig. 2. In plasma Ap*A was cleaved into ATP and AMP 
and these nucleotides were further metabolized co adenosine 
and inosine. In contrast, in whole blood the main product 
was ATP. 

From the physiological point of view it is interesting to 
note that adenosine* which accumulated in plasma from 
Ap*A, could not be detected at all in whole blood. Adenosine 
it a potent inhibitor of platelet aggregation and an effective 
vasodilator. In whole blood adenosine and ino&ine are rapidly 
taken up via the nucleoside transporter of the blood cells [13J. 
Inside the cells the nucleosides are rephosphorylated [20]. 
Thus the ATP formed in whole blood corresponded to intra- 
cellular ATP (mainly erythrocytes). 

This explanation was confirmed by two experiments. Ftrct, 
in the presence of 10 uM dipyridamole, which inhibits the 
transport of nucleosides through cell membranes (19), the 
main products of AP4A degradation in whole blood after 
incubation for 20 min at 23 *C were adenosine and inosine, 
and not ATP (not shown). Further degradation of inosine 
to hypoxanthine by plasma enzymes was not followed (211, 




{ATP] (yM) 



Fig. 4. Inhibition by ATP of Ap+A hydrolysis Ai tfkoU hwnan blood. 
Labelled Ap*A (0.7 uM) was incubated in whole blood in the presence 
of various concentrations of ATP. Initial velocities weie calculated 
from the kinetics and plotted w (taction of the ATP concentration. 
The initial rate of Ap*A hydror/ait io the absent* of ATP wu set as 
100% 



Secondly, when the blood cells were separated from the 
plasma prior to the extraction with trichloroacetic add, no 
ATP was found in the plasma but rather in the blood cells 
(not shown). 



DISCUSSION 

This paper deals with the metabolism of the dinucleotide? „ 
Ap*A and ApjA in unfractionated human blood. In contrast 
to plasma, which has been shown to contain different ApjA- 
degrading and Ap4A~dcgrading enzymes [6, 7J, the formed 
elements of blood do not contribute to the degradation of < 
the dinucleo tides. Our results suggest that red blood cells, 
platelets and leukocytes lack ectoenzyi&es capable of splitting 
Ap*A and Ap 3 A- Thus exclusively the enzymes present in the 
plasma are responsible for the primary degradation of Ap«A 
and Ap>A in the blood. The first step is catalyzed by 
phosphodiesterases [6J„ mainly by a glycoprotein complex 
with a molecular mass of 230 kDa [6, 7). The resulting 
nucleotides (ATP, ADP and AMP) are further degraded to 
adenosine, inosine and finally to hypoxan thine by different 
cniymcs (phosphodiesterases, phosphatases, 5'-nuctearjdase f 
deaminase etc.). In contrast to the first step, which only occurs 
La the plasma, the subsequent reactions are catalyzed by en- 
zymes present in the plasma as well as by ectoen^mes on 
blood cells [8-13, 21). 

An important role of the blood cells in the metabolism oJ 
the dinucleotides, however, is the clearance of adenosine and 
inosine from the plasma. Adenosine, which is a potent inhibi- 
tor of platelet aggregation and an effective vasodilator; doa 
not accumulate in the blood. 
..^•The lack of Ap^A-degrading and Ap 4 A-degradin] 
fxtocnzymci on blood cells may account for the relatively 
Jlong lifetime of Ap*A in whole blood (Table 1). ATP has i 
Imarkediy shorter half-life in blood, la contrast to th 
Idbutieotides, ATP is known to be degraded by ectoenzyme 
present on erythrocytes [ft), leucocytes [9, 10] and on platelet 
[51,12). Similarly, activities metabolizing ADP have also bee 
detected on various blood cells [8, 13]. 

When determining the half-life in whole blood of Ap^ 
alone at 0.7 uM, a concentration which inay occur undt 
physiological conditions [1 6] f values between five and six w 
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nutes were measured (Tabic I). Physiologically, however, 
Ap 4 A is not secreted alone but together with other 
nucleotides, mainly ADP and ATP, which arc released in20- 
40-foid excess over the dinucleotides (2]. In the presence of 
ATP the degradation race of Ap*A is dramatically decreased, 
ATP at 9 uM y i.e. a concentration below that expected to 
occur In vivo after the platelet release reaction, has been shown 
to inhibit the rate of Ap*A hydrolysis by 50%. ATP at a 
concentration of 25 uM almost completely inhibited ApiA 
degradation for more than ten minutes. Thus, it appear? that 
In vivo Ap*A, after its release from platelets, is protected from 
. degradation by ATP (and probably ADP). f n molecular tcrma 
the effect can be explained by a competitive inhibition of the 
Ap*A hydrolase. ATP as well as ADP are strong inhibitors of 
the hydrolase purified from plasma (71. 

The results presented here Tor ApiA probably also apply 
to Ap>A since the metabolism of both di nucleotides is anal- 
ogous. Like Ap^A* ApjA is not metabolized by ectoenzymes 
on the surface of blood ceils, and in plasma both dinudeotides 
are degraded by the same enzyme [6, 7J. When tested at a 
concentration of 1 uM the purified hydrolase degrades Ap*A 
2.5-fold faster than Ap 3 A, suggesting that in blood Ap 3 A will 
even have a longer lifetime than the homologuc Ap*A [7] r 

We have considered the metabolism of the dinucleotides 
in- whole blood but the picture will remain incomplete as long 
as the possible contribution of the endothelium Is not taken 
into account. Endothelial cells tine the inner blood vessel 
walls and contain various ectooncleotidase activities [221 Very 
recently Goldman and coworkers hare ahowa that intact por- 
cine aortic endothelial cells can efficiently hydrolyze extra- 
cellular Ap 3 A. In the presence of ATP the degradation of 
f . Ap 3 A was strotlgly inhibited [23]. We have demonstrated that 
1 Ap+A and Apj A arc degraded by intact bovine vascular endo-. 
' | thelial coils, with half-lives of 40- 80 min (at 1 uM). For com- 
f parison, ATP and ADP under identical conditions were 
y metabolized at least 20 times faster (24). Thus it appears that 
j\ p<A and Ap 3 A are long-Jived molecules in the blood vessel 
contrast to ATP and ADP, which arc rapidly degraded by 
\ ectonucleotldases present on blood ccDs and on the endo- 
4 thelial lining, the dinucleotides arc onry slowly degraded. The 
J regulatory role of ATP. which is released together with the 
\ dinucleotides from the platelets, appears to us of especial 
importance Besides its antagonistic function in ADP-faduced 
platelet aggregation, ATP strongly inhibits the* Ap4Aase and 
ApaAase activities in plaima as well as on endothelial cells, 
enabling the di nucleotides to survive for a longer time. Thus, 
the dinucleotides can diffuse away from the site of thrombus 
formation without being destroyed and may act at distant 
sites as signal molecules. Current evidence implies that Ap 3 A 
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and Ap 4 A arc not only involved in platelet aggregation but 
also in the modulation of the vasotonus [5J. 

This work was supported by the Deutsch* for&chungsgemefo 
schafi. We gratefully acknowledge live excellent icchnfcai assittance 
of Ma/got Rjchm, the continuous support by Prof, Dr W. Kerstcu and 
thank oil uw donors for rupplyuig us with blood. 
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